Infants and adults are thought to infer the goals of observed actions by calculating the actions' efficiency as a means to particular external effects, like reaching an object or location. However, many intentional actions lack an external effect or external goal (e.g. dance). We show that for these actions, adults infer that the agents' goal is to produce the movements themselves: Movements are seen as the intended outcome, not just a means to an end. We test what drives observers to infer such movement-based goals, hypothesizing that observers infer movement-based goals to explain actions that are clearly intentional, but are not an efficient means to any plausible external goal. In three experiments, we separately manipulate intentionality and efficiency, equating for movement trajectory, perceptual features, and external effects. We find that participants only infer movementbased goals when the actions are intentional and are not an efficient means to external goals. Thus, participants appear to infer that movements are the goal in order to explain otherwise mysterious intentional actions. These findings expand models of goal inference to account for intentional yet 'irrational' actions, and suggest a novel explanation for overimitation as emulation of movement-based goals.
Introduction
Typical humans understand other people's actions in terms of underlying mental states, such as beliefs, desires, intentions and goals, and not simply in terms of the raw movements perceived (Dennett, 1987; Saxe, Carey, & Kanwisher, 2004) . Reasoning about intentions and goals develops early in life (Carpenter, Akhtar, & Tomasello, 1998; Carpenter, Call, & Tomasello, 2005; Gergely, Nádas-dy, Csibra, & Bíró, 1995; Woodward, 1998) , and plays a central role in parsing action sequences (Baldwin & Baird, 2001; Zacks, Tversky, & Iyer, 2001 ) and predicting others' future behavior (Woodward, 1998; Buresh & Woodward, 2007) .
To infer the intentions and goals of another agent, adults and infants appear to consider whether the movements observed are consistent with particular hypothesized goals (Baker, Saxe, & Tenenbaum, 2009; Gergely et al., 1995) . Goals are hierarchical, such that we engage in lower-level goals (e.g. reach for the coffee maker) in order to achieve a higher-level goal (e.g. obtain coffee), which itself contributes to an even higher-level goal (e.g. happiness). Because we assume that agents act rationally, for lower-level goals in this hierarchy (e.g. reach for the coffee maker) movements are seen as consistent with a hypothesized goal when they are an efficient means to that goal (Dennett, 1987; Gergely, Bekkering, & Király, 2002; Gergely et al., 1995) . Conversely, if the movements are not an efficient means to a possible goal, this inefficiency provides evidence against that goal (Baker et al., 2009 ). This rationality assumption underlies current accounts of low-level-goal based reasoning about a variety of actions,
